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Abstract 
This paper reports the result of a pilot study of the chemical composition of house dust in 
Brisbane, Australia. The parameters examined included the particle size distribution, carbon 
content, elemental composition and polycyclic aromatic hydrocarbon concentrations of dust 
samples collected from suburban homes Elements like Al, Ca, Mg, Cr, As, Cu, Zn and K were 
shown to be relatively abundant in the dust samples as were polycyclic aromatic hydrocarbons 
like phenanthrene and fluoranthene. To facilitate the interpretation of the chemical analysis 
results and aid source identification, information on the composition of the house dusts, along 
with those on the building characteristics, types of indoor activities and distance of the 
building from the vehicular emission sources, were subjected to multivariate data projection 
and multi-criteria ranking. The results showed that the chemical composition of the dusts 
were strongly dependent on the building designs, distances of the building from the vehicular 
emission sources and indoor activities. 
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INTRODUCTION 
House dust is a heterogeneous matrix, consisting of a variety of inorganic, organic and 
biological materials (Butte, 2003, & 2004). Once pollutants are absorbed onto house dust 
particles, they either do not degrade at all or degrade at much slower rates than the rates at 
which corresponding outdoor pollutants degrade. Thus house dusts are reservoirs for chronic 
exposure to indoor pollutants. 
 
In addition, house dust collects pollutants like ordinary passive samplers. Therefore, their 
analysis can provide historical information about the levels of pollutants in an indoor 
environment. Exploratory survey on the chemical characteristics of pollutants in house dusts 
were carried out in Brisbane recently. Initial indications from the survey suggested that (i) 
indoor activities and house characteristics influence the distribution and levels of organic and 
inorganic pollutants absorbed by house dusts significantly, (ii) there is an urgent need for 
baseline studies on the distribution of priority pollutants like heavy metals and polycyclic 
aromatic hydrocarbons in house dust in subtropical regions such as Brisbane, where high air 
exchange rates between outdoor and indoor environment reduces indoor/outdoor ratios of 
airborne pollutants and increases the amount of dust entering the indoor environment and (iii) 
the full potential of house dust sampling and analysis as a convenient method for monitoring 
and quantifying compounds with potential environmental and health effects in the indoor 
environment has not been explored in Brisbane. 
 
Although, many studies from temperate countries have reported the chemical characteristics 
of pollutants in indoor air and house dust (see Butte, 2004 and Butte, 2003 for example), the 
characteristics of the house dust in Brisbane cannot be extrapolated from the results of such 
studies since the composition of house dusts is highly variable and could be considerably 
different from house to house, city to city and country to country. Moreover, correlation 
between air and house dust concentrations of pollutants is poor. For example, some household 
pesticides like permethrin cannot be detected even at 1 ng/m3 level in air samples but are 
present at ppm (mg/kg) levels in house dust (Butte, 2004). Therefore, house dust analysis can 
provide additional information about the state of an indoor environment.  
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The work reported in this paper describes the salient features of the chemical characteristics 
of house dust from residential houses in Brisbane, Australia. The parameters examined 
included the particle size distribution, carbon content, elemental composition and polycyclic 
aromatic hydrocarbon concentrations.  Because of the large number of chemical variables 
examined, multivariate data analysis techniques were employed for pattern recognition and 
prediction.  In addition, the multi-criteria decision making procedures, PROMETHEE 
(Preference Ranking Organization Method for Enrichment Evaluation) and GAIA 
(Geometrical Analysis for Interactive Aid) (Ayoko et al 2004) were applied to the data in 
order to rank the buildings and to investigate the relationships of the buildings and variables.  
 
RESEARCH METHODS 
Description of the houses investigated: The houses consisted of a selection of residential 
houses from various suburbs located around Brisbane. The set of houses contained a wide 
cross-section of new and old houses built with different building materials and styles. Some 
of them were low set brick buildings while others were high set timber buildings, where the 
term ‘High set’ refers to a house that is raised above the ground on timber or brick stumps, 
and ‘low set’ indicates a house built directly on a slab.  The houses were aged 3 to 86 years 
and there were no major outdoor pollution sources in their immediate proximity.  
 
Questionnaire: Questionnaires were used to collect information about the environmental, 
structural and furnishing characteristics of the houses, and the activities of the residents. The 
first part of the questionnaires dealt with external features of the buildings and included 
questions about the type of road on which buildings were situated, type of building materials, 
garage and surrounding area. The second part consisted of questions about the interiors of the 
buildings: floor-type, wall materials, use of extractors, air-conditioning and the last time the 
building was painted or renovated. 
Sampling and chemical analyses: Samples were collected from twelve suburban homes 
during the months of August and September 2003 (ie late winter and early spring).  Each 
sample was sieved to obtain the particulate size range of <1mm.  Sub-samples were then 
taken to be analysed for polycylic aromatic hydrocarbons (PAHs), selected elements and trace 
elements, particle size distribution and carbon content.  Sample extraction for the PAH 
analysis was conducted by Soxhlet extraction and the samples were analysed by gas 
chromatograph coupled with a mass spectrometer (GC-MS).  Sample preparation for the 
elemental analysis was conducted by microwave acid digestion prior to analysis by 
Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES) and Inductively 
Coupled Plasma-Mass Spectrometry (ICP-MS).  The particle-size distribution was analysed 
using a Malvern Mastersizer S Particle Size Analyzer with a 300mm Fourier lens capable of 
analysing particles between 0.05 micron and 900 micron. The carbon content measurements 
were made on a Shimadzu TOC-5000A Total Organic Carbon Analyzer. This machine is 
capable of measuring total carbon and inorganic carbon contents of samples.  
 
Multivariate data evaluation: Correlation analysis was carried out by Statistical Package for 
Social Sciences (SPSS version 11) while Principal Component Analysis (PCA) and Partial 
Least Squares (PLS) were performed by SIMCA-P 10.0 (Umetrics AB). To minimise the 
skewness of the data (caused by some missing values) a constant number was added to all 
variables and the data was log transformed, mean-centred and scaled to unit variance prior to 
data analysis. Ranking information was obtained with the use of the multi-criteria decision-
making methods, PROMETHEE and GAIA. These methods require the decision maker to 
model each variable by one of the six preference functions available in the Decision Lab 2000 
software. It was also necessary for the decision maker to optimise each variable by choosing 
whether to maximise (rank top-down) or minimise (rank bottom-up) the variable (Ayoko et al 
2004).  In this study, the concentration of each pollutant was minimised within the framework 
of the assumption that lower values of each variable would produce better indoor air quality. 
PROMETHEE ranks the objects according to the given set of variables (e.g. concentration of 
individual pollutants) and produces a complete outranking flow, Φ, which gives an indication 
of the extent to which an object outranks other objects. (Objects with the most positive 
outranking flow values are ranked higher than those with lower outranking flow values.) 
PROMETHEE is a non-parametric method and it can be applied to a matrix consisting of only 
a few objects, as in this work. PROMETHEE also acts as a data pre-treatment procedure for 
GAIA, which evaluates and presents PROMETHEE II results as PC1 (principal component 1) 
versus PC2 (principal component 2) biplots. The results obtained for PROMETHEE and 
GAIA were interpreted according to the guidelines summarised by Ayoko et al. (2004). 
 
RESULTS 
Elemental Analysis: A wide suite of inorganic elements were found in the samples. These 
included Al, As, Be, Ca, Co, Cr, Cu, Fe, Ge, Li, Mg, Mn, Mo, Ni, P, Pd, Sb, Se, Sn, Sr, Ti, Tl, 
V and Zn. However, Pt, Pd, Re, Rh and Ru were not found in any of the houses. Table 1 
shows the concentration of some of the most frequently encountered elements. 
 
Table 1: Concentrations of the some of the most frequently encountered elements in the dust 
samples 
  
Element Median Arithmetic 
mean 
Standard 
Deviation
95th 
percentile 
Min. 
observed 
conc. 
(μgg-1) 
Max. 
observed 
conc. 
(μgg-1) 
Al 6567.50 6537.33 1984.78 9319.9 3021.00 10498.00
Ba 202.50 298.75 290.32 889.4 117.00 1017.00 
Be 0.00 0.00 0.00 0.00 0.00 0.00 
Bi 10.00 21.83 24.49 54.45 0.00 55.00 
Ca 19015.00 19602.75 8701.41 34403.25 6577.00 37420.00
In 0.00 0.00 0.00 0.00 0.00 0.00 
K 4433.50 4465.67 1138.02 6072.90 2141.00 6591.00 
Li 12.00 12.42 1.38 14.45 11.00 15.00 
Mg 1583.00 1576.00 53.85 1627.70 1421.00 1653.00 
Rb 39.00 42.17 19.63 75.85 9.00 83.00 
Sr 45.00 48.83 19.55 83.05 16.00 88.00 
 
A correlation table was constructed for the heavy metals analysed and this is displayed in 
Table 2.  From this table it can be seen that significant correlations (p = 0.5) existed between 
chromium and arsenic; copper and chromium; and between zinc and lead.  
 
Table 2: Correlation table for the heavy metals 
 
 
 
 
 
 
 
 
 
 
 
The PROMETHEE ranking for the houses based on the elemental composition of the houses 
is presented in Table 3. Thus the most preferred house (one that is least contaminated with the 
elements) is H12 while the least preferred is house H7. Such ranking information could 
facilitate the prioritisation of actions when it is necessary to remediate the houses. H7 is the 
newest house and one of the farthest houses from a major road. Yet the elemental composition 
of its house dust is the most polluted in terms of elements present in it. Thus age of the 
building, building material and proximity of a house to a major are not the only important 
factors that determine the chemical composition of the dust from these houses.  It is possible 
that the elevation of the elemental compositions of crustal elements in house dust from this 
house, might be due the house construction work taking place next to this house at the time of 
the study. 
 
 
 
 
 
 
 
 
Table 4: PROMTHEE ranking for the houses based on the elemental compositions of their 
house dust samples 
Rank House Net outranking flow obtained 
from PROMETHEE (II)  
Age Building material Distance from a 
major road (m) 
1 H12 0.58 13 Wood 30 
2 H9 0.52 42 Wood 500 
3 H6 0.19 3 Wood 100 
4 H10 0.14 42 Brick 500 
5 H11 0.13 22 Brick 6 
6 H3 0.11 86 Brick/Wood 100 
7 H1 -0.10 50 Wood 6 
8 H5 -0.15 3 Brick/Wood 400 
9 H4 -0.30 5 Brick 200 
10 H2 -0.46 21 Brick/Wood 50 
11 H7 -0.55 3 Brick 500 
 
PAH analysis: Table 4 gives the distribution of the PAH contents of the dust samples. For 
comparison, corresponding results from other studies were also included in Table 4. 
 
Table 4: Polycyclic aromatic hydrocarbons in the house dust samples 
 
Pollutant Median Arithmetic 
mean 
SD 95th 
percentile 
(This 
study) 
95th 
percentile 
(Simrock
,1998) 
95th 
percentile 
(Camann 
et al, 
2002)  
Min. 
conc. 
(μgg-1) 
Max. 
conc. 
(μgg-1) 
Naphthalene 0.19 0.22 0.01 0.40 na na 0.00 0.47 
Acenaph-
thylene 
0.01 0.01 0.01 0.03 na na 0.00 0.04 
Acenap-hthene 0.00 0.01 0.01 0.03 na na 0.00 0.04 
Fluorene 0.01 0.04 0.06 0.14 na na 0.00 0.20 
Phenanthrene 4.33 4.52 2.85 8.67 na na 0.07 10.38 
Anthracene 0.00 0.00 0.01 0.02 na na 0.00 0.03 
Fluoranthene 0.13 0.44 0.83 1.82 na na 0.00 2.59 
Pyrene 1.64 2.02 1.89 5.09 na na 0.00 5.14 
Benzo(a) 
anthracene 
0.00 0.02 0.03 0.06 0.7 1.79 0.00 0.08 
Chrysene 0.04 0.06 0.08 0.19 0.7 2.84 0.00 0.24 
Benzo(b) 
fluoranthene 
0.17 0.12 0.11 0.26 0.6 3.95 0.00 0.30 
Benzo(a)pyrene 0.08 0.08 0.08 0.16 0.2 2.39 0.00 0.17 
Indeno(1,2,3-
cd)pyrene 
0.04 0.04 0.04 0.08 0.3 2.39 0.00 0.09 
Benzo(ghi) 
perylene 
0.06 0.08 0.07 0.19 na na 0.00 0.21 
*na = not available, SD= Standard deviation. 
 
As can be seen, the 95th percentile concentration of the PAHs were generally lower than those 
reported in the literature (Camann et al, 2002 and Simrock, 1998). However, the phenanthrene 
 
Figure 1: PROMETHEE ranking of the house based on their PAH and elemental 
compositions. Generally, the higher the value of the outranking flow, Φ, for a house, the 
higher its rank and the lower the levels of pollutants in it and vice versa. 
and pyrene concentrations were significantly higher than those recorded in studies undertaken 
in Texas (USA) and the UK (Mukerjee et al., 1997;  Sun et al., 1998).     
 
Multivariate analysis of the chemical data: PROMTHEE ranking of the houses based on 
their elemental and PAH compositions showed that house H9, which is close to the ocean and 
away from industrial areas and areas of heavy vehicular activity is the least contaminated 
while house H7, which is located next to a building construction site is the most contaminated 
as displayed in Figure 1 below.  
 
 
 
 
 
 
 
 
 
To explore the factors that affect the distribution of the pollutants in the houses, Partial Least 
Square analysis was carried out. Variables such as the last time the house was painted, last 
time the house was renovated, distance of the house to a major road, age of the house, the type 
of ventilation in the house, whether air conditioning is used or not in the house, whether 
occupants smoke, and the type of building material were used as the X-variables and the 
pollutant concentrations as the Y-variables. The results obtained showed that seven principal 
components (PC) accounted for 91.7% of the sum of squares in the Y-block  using 100% of 
the sum of squares in the X-block. The inner relationship of the Y-block PLS scores (u1) 
versus the X-block scores (t1) is interpreted; the PLS correlation coefficient is 0.8255 at a 
95% confidence level as shown in Figure 
2.
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Figure 2: Plot of PLS first latent varibles u1 (Y-block) versus PLS first latent variable (X-
block).  
 
In addition, apart from Ca, Li, Bi, Rb, Sr, and indeno(1,2,3-cd)pyrene, the fraction of the sum 
of squares predicted, Q2,  for each chemical was usually higher than 0.50.  
 
Carbon Content & Particle Size Distribution:  99% of the carbon content for the majority 
of samples was found to consist of organic carbon – house H10 being an exception as it 
consisted of 90% organic carbon.  This house was located near a major airport and it is 
located near a coastal area. It was noted that no correlations were found between the total 
PAH content and the organic carbon content.  This indicates there are many organic 
compounds, other than PAHs, are present in the house dust matrix. On the other hand, 
analysis of the particle size distribution revealed that a large percentage of particles lay in the 
sub-micron range - this being the range between 0.255 and 0.576μm.  On the average, 79% of 
the settled particulates in all samples lay in this range.   
 
DISCUSSION 
Initial examination of the elemental composition data showed that the concentrations of the 
elements were lower than those found in some studies such as those reported by Rusmussen et 
al (2001) and Mukerjee et al (1997).  Relative to the other elements analysed, higher 
concentrations of Al, Ca, Fe, Mg, K, P, Se and Ti were observed in the study.  This is in 
agreement with the literature (Molhave et al. 2000) and is most likely due to the influence of 
soil on the composition of the house dust in each of the houses. It is noteworthy that heavy 
metals like Cr, As, Cu, Mn, Pb and Zn were present in all of the samples but Cd was 
conspicuously below detectable limit in all of the samples. 
 
It is also noteworthy that the majority of the dust lay in sub-micrometer particle size range. It 
is well known that particles with sizes less than 2.5μm can remain in the atmosphere almost 
indefinitely (QLD EPA) and that particles with aerodynamic diameters equal to or smaller 
than this size cause adverse health effects such as aggravation of respiratory diseases (Wilson 
& Spengler, 1996).   Normal activities carried within these homes may facilitate the re-
suspension of such particles, increasing the occupant’s exposure to the chemicals in the dust. 
 
The results of the PLS modelling showed that the X-block variables possess sufficient 
information for modelling and predicting the level of pollutants in house dust. When such 
information is considered alongside that derived from the PROMTHEE ranking, they can 
assist the formulation of control strategies.  
 
CONCLUSION AND IMPLICATIONS 
This study showed that pollutant levels in settled house dust in suburban Brisbane are 
generally lower than corresponding those in corresponding studies conducted overseas and 
that soil plays a large role in th elemental composition of these dust samples. Multivariate 
analysis not only ranked the houses according to the levels of their contamination, it showed 
the factors that affect the distribution of the contaminants.  In particular, the distance of the 
house from a major road and other pollutant sources were found to significantly influence the 
levels of PAHs and elements in the dust samples. Thus the least contaminated houses were 
those that are farthest from the city. Such findings as well as the one that associated more 
contaminants with smaller sized particles should be considered when formulating control 
measures. Because of the relatively small size of the houses investigated, further studies 
incorporating more houses and pollutants are necessary to confirm the findings reported in 
this study. 
 
REFERENCES 
Ayoko GA. Morawska L., et al. 2004. ‘Application of multicriteria decision making methods 
to air quality in the microenvironments of residential houses in Brisbane, Australia’, 
Environmental Science and Technology, Vol 38, 2609-2616 
Butte W. 2003. In: Morawska L and Salthammer T (Ed) Indoor Environment. airborne 
particles and settled dust, Wiley-VCH, Verlag GmbH & Co. KGaA, Weinheim,  pp 
407-434. 
Butte W. 2004. In: Pluschke, P (Ed) Indoor Air Pollution, The Handbook of Environmental 
Chemistry, Vol 4, Springer-Verlag, Wursburg,  pp 90-116. 
Camann DE. Colt JS. et al., 2002. Distributions and quality of pesticide, PAH, and PCB 
measurements in Bag Dust from four areas of USA. Proceedings of the 9th International 
Conference on Indoor Air and Climate, Indoor Air 2002, Monterey, California, Vol IV, 
860-864. 
Simrock S. 1998. Polyzyklische aromatiche kohlenwasserstoffe im Hausstaub von 
privathaushalten (polycyclic aromatic hydrocarbons in house dust from private homes). 
Zietschrift für Umweltmedizin 6, 243-246. 
Molhave L., Schneider, T. et al  2000. House dust in seven Danish offices, Atmospheric 
Environment, 34, 4767-4779. 
Mukerjee S., Ellenson, W. et al. 1997. An environmental scoping study in the lower Rio 
Grande Valley of Texas – III. residential microenvironmental monitoring for air, house 
dust and soil. Environment International. 23:657-673. 
Rusmussen P., Subramanian K. and Jessiman B. 2001. A multi-element profile of housedust 
in relation to exterior dust and soils in the city of Ottawa, Canada, The Science of Total 
Environment. 267,125-140. 
Sun F, Littlejohn D. and Gibson M. 1998. Ultrasonication Extraction and Solid Phase 
Extraction Clean Up For Determination of US EPA 16 Priority Pollutant PAHs in Soils 
by Reversed Phase Liquid Chromatography With Ultraviolet Absorption Detection, 
Analytical Chimica Acta, 364, 1-11. 
Wilson R. and Spengler J. 1996. Particles in our Air – concentrations and health effects, 
Harvard University Press, UK. 
